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Abstract

:

Anti-melanoma differentiation-associated gene 5 (MDA-5) dermatomyositis (DM) is noteworthy for its association with rapidly progressive interstitial lung disease (RP-ILD), vasculopathy, and distinctive cutaneous features. First identified in a Japanese cohort in 2005, MDA-5 DM carries a significant mortality risk, emphasizing the crucial need for early diagnosis. This review explores the pathogenesis, clinical presentation, diagnosis, management, and prognosis of MDA-5 DM and ILD and includes new research and recommendations regarding disease management.
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1. Introduction


Idiopathic inflammatory myopathies (IIMs) are a rare group of autoimmune diseases marked by a heterogeneous yet characteristic clinical spectrum of muscle inflammation, as well as rashes, arthritis, and other systemic findings. They often present alongside myositis-specific and myositis-associated antibodies (Abs). These Abs are associated with specific phenotypes and carry diagnostic and prognostic significance [1].



Anti-melanoma differentiation-associated gene 5 (MDA-5) dermatomyositis (DM) is a subtype of IIM that may present with rapidly progressive interstitial lung disease (RP-ILD), inflammatory arthritis, vasculopathy, and unique cutaneous manifestations [2,3]. It was first described by Sato et al. in 2005, based on a Japanese cohort with clinically amyopathic DM and RP-ILD [4]. People with MDA-5 DM suffer high mortality rates, emphasizing the importance of early clinical recognition, diagnosis, and treatment. The disease is more common in middle-aged women; however, mortality rates are higher among men [5,6,7]. Studies from the United States (US) have demonstrated that the condition favors women with a prevalence ranging from 56 to 73% and a mean age of 43 to 47 years at the time of diagnosis. When considering racial demographics, observations demonstrate a higher prevalence among individuals identifying as White, with percentages ranging from 48 to 87.5% [6,8].




2. Pathogenesis


Anti-melanoma differentiation-associated gene 5 is a retinoic acid-inducible gene-1 (RIG-1)-like receptor that functions in physiologic defenses against double-stranded ribonucleic acid (dsRNA) viruses. Under normal circumstances, the MDA-5 receptor is a cytoplasmic pattern recognition receptor that binds viral dsRNA and triggers downstream type 1 interferon responses to suppress viral replication. For example, viral-MDA-5 complexes activate the mitochondrial antiviral signaling protein, which triggers the translocation of transcription factors such as interferon regulatory factors 3 and 7 into the nucleus. These transcription factors coordinate type 1 interferon production and, ultimately, virus-induced cell injury and lysis to prevent viral replication. The sequence naturally releases viral-MDA-5 complexes extracellularly, exposing them as antigens to antigen-presenting cells and lymphocytes and activating the adaptive immune response [2].



This antiviral defense cascade is thought to function atypically in cases of MDA-5 DM (Figure 1). Individuals with the HLA-DRB1 and WDFY4 haplotypes are genetically susceptible to developing MDA-5 DM. Among these individuals, antigen-presenting cells recognize viral-MDA-5 complexes but aberrantly prompt the production of auto-Abs against MDA-5 instead of activating protective adaptive immunity [2]. Both the dsRNA viral defense and MDA-5 DM pathogenesis pathways share underlying mechanisms, proposing viral infection as a potential trigger for MDA-5 DM [9].



Elevated levels of interferon type 1 play a central role in the vasculopathy and fibrosis of MDA-5 DM. Regarding vasculopathy, interferon type 1 increases the production of endothelin, which vasoconstricts vessels and contributes to the development of skin ulcers and digital necrosis observed among people with MDA-5 DM. Interferon type 1 also damages endothelial cells and triggers the release of factors like von Willebrand factor, which activate the coagulation cascade and the production of microthrombi, advancing the pathogenesis of vasculopathy. Moreover, it contributes to the fibrosis observed within MDA-5 DM through the activation of macrophages, the secretion of transforming growth factor-β, and the development of pulmonary fibrosis in the form of ILD [9].




3. Clinical Manifestations


Anti-MDA-5 DM was initially considered to be an amyopathic form of IIM associated with severe ILD, particularly in the Japanese population. Subsequent observations have revealed a variety of manifestations that also include cutaneous and musculoskeletal presentations such as inverse Gottron’s papules and inflammatory arthritis [2].



In 2020, Allenbach et al. categorized the manifestations of MDA-5 DM in the form of clusters.



	
Cluster 1, MDA-5 RP-ILD type, presents primarily with lung disease and mechanic’s hands. This phenotype has a poor prognosis and increased need for intensive care.



	
Cluster 2, MDA-5 rheumatic DM type, is more common in women, presents with inflammatory arthralgias and arthritis, and has a positive prognosis. This phenotype has a lower incidence of skin lesions, myositis, and RP-ILD.



	
Cluster 3, MDA-5 vasculopathy DM type, carries an intermediate prognosis and is associated with the cutaneous vasculopathy findings of Raynaud’s phenomenon, digital necrosis, and calcinosis alongside an increased incidence of myositis [10].







4. Lung Involvement


Interstitial lung disease is a common manifestation in MDA-5 DM. In a study by Koga et al, 94% of patients from a Japanese cohort with MDA-5 DM had ILD, and 71% had RP-ILD. The mortality rate was 41%, and the most common cause was RP-ILD [11]. Studies conducted in the US have shown varied MDA-5 ILD incidences and prognoses. A cohort by Hall et al. reported milder cases of ILD with good response to immunosuppressive therapy [5]. On the contrary, a study by Moghadam-Kia et al. showed a higher incidence of ILD (50%), the majority (87.5%) of which developed RP-ILD and suffered a high mortality rate (72%) [12]. A potential consequence of lung fibrosis, pneumomediastinum, is a known, life-threatening complication of MDA-5 DM RP-ILD, occurring in 8% of patients with MDA-5 DM and associated with the use of non-invasive pressure ventilation [2,6].



Organizing pneumonia (OP), non-specific interstitial pneumonia (NSIP), and usual interstitial pneumonia (UIP) are radiographic patterns of ILD described in MDA-5 DM (Figure 2). In a study of 329 patients by Chen et al., OP was the most common (43.2%), followed by NSIP (26.4%) and combined NSIP+OP (18.5%). UIP was the least common pattern in this study (0.6%). Patients with MDA-5 RP-ILD showed a higher prevalence of NSIP+OP and a lower prevalence of NSIP compared to people with MDA-5 ILD (not RP-ILD) [13].




5. Skin Manifestations


MDA-5 DM presents with the classical cutaneous signs of DM, including Gottron’s papules, shawl sign, and heliotrope rash (Figure 3) [14]. Additionally, MDA-5 DM manifests with an inverse Gottron’s sign (Figure 4 and Figure 5B) that appears as keratotic papules in the skin folds of the palms and fingers [15]. The underlying vasculopathy of MDA-5 DM can cause digital necrosis, mucocutaneous ulcerations, and ulcerated Gottron’s papules (Figure 5). Necrosis can rapidly expand, causing complications such as gangrene and digital amputation [16]. Calcinosis is another well-described finding associated with longer disease duration and fingertip ulcers [17]. Less commonly, case reports demonstrate diffuse ichthyosis, perinasal edema, and erythema [18,19].




6. Muscle Involvement


The degree of inflammatory muscle disease is heterogeneous among patient populations. Initial observations of MDA-5 DM described muscle involvement as amyopathic in 80% of Japanese patients [4]. Compared to the Japanese population, at times, US cohort data demonstrate similar amyopathic DM prevalences and, at other times, show higher rates of inflammatory myositis with MDA-5 DM [5,8]. A Brazilian study reported an incidence of amyopathic DM similar to that of Japanese patients (80%) [20].




7. Inflammatory Arthritis


Individuals with MDA-5 auto-Abs may present with a symmetric inflammatory polyarthropathy in small joints, which is frequently clinically indistinguishable from rheumatoid arthritis [5].




8. Others


The characterization of MDA-5 is relatively recent, and new signs and symptoms are being discovered. For example, one case report describes fever of unknown origin and autoimmune hepatitis as the first presenting features of MDA-5 DM [21].




9. Similarity to COVID-19


SARS-CoV-2 and MDA-5 DM share similarities in their pathogenic mechanisms. While SARS-CoV-2 is classified as a single-stranded RNA virus, it evolves into a dsRNA virus early during the infection cycle, thereby activating MDA-5 and its downstream type 1 interferon signaling [22]. Both SARS-CoV-2 infection and MDA-5 DM exhibit endothelial injury and thrombotic manifestations, especially in cases of severe disease [9]. Additionally, the imaging findings of ground-glass opacities and predominantly lower lung subpleural consolidations are common between the two diseases [23]. Instances of MDA-5 DM have been reported in case studies following infection or immunization for SARS-CoV-2, further supporting a proposed shared pathogenic mechanism [24,25].




10. Association with Cancer


The potential association between anti-MDA-5 Abs and malignancy has been explored through multiple cohort studies, revealing varying outcomes in different populations. Japanese cohort studies have not found any association between anti-MDA-5 Abs and malignancy [11]. Conversely, a single case report presented a potential link between anti-MDA-5 Abs and cervical cancer [26]. Meanwhile, a French cohort study reported a 7.6% association between malignancy and MDA-5 DM, which was much lower than the prevalence of paraneoplastic cases of MDA-5 negative DM [10].




11. Diagnosis


Suspicion of MDA-5 DM should arise when patients present with characteristic skin rashes, vasculopathy, inflammatory arthritis, and RP-ILD. Clinical diagnosis can be supported with the detection of anti-MDA-5 Abs using various laboratory methods, including immunoprecipitation, immunoassay, or enzyme-linked immunosorbent assay [2]. Ro52 Abs, commonly identified in individuals positive for anti-Jo-1, are present in 27–55% of those with positive anti-MDA-5 Abs. Studies have shown that the levels of Ro52 Abs are inversely related to survival time, emphasizing their potential prognostic significance [27,28]. Antinuclear Abs are often elevated as well, while Jo-1 Abs, strongly associated with the antisynthetase syndrome, appear to not be detected in MDA-5 DM patients [2,5].



As in all cases of IIM, any person with suspected or confirmed MDA-5 DM should undergo screening for ILD. Screening includes high-resolution computed tomography (HRCT) in combination with pulmonary function testing (PFT) [29]. HRCT findings (mainly NSIP+OP or OP patterns) can progress within weeks in cases of RP-ILD; therefore, the timing of surveillance imaging and PFT studies should reflect patients’ risk factors for RP-ILD. For example, we recommend screening a patient with features characteristic of cluster 1, such as mechanic’s hands, along with an older age and elevated ferritin, for lung involvement more frequently than someone with characteristics of cluster 2 (e.g., a woman with MDA-5 DM and inflammatory arthritis). Progression within the first 3 months is significant for RP-ILD, and we recommend very close monitoring during this period.



Because of heterogeneous muscle involvement among people with MDA-5 DM, muscular diagnostic evaluation results may vary. Electromyography can be normal or show muscle irritability, and magnetic resonance imaging of the proximal muscles might show muscle edema [5]. When present, histopathologic features of muscle biopsy are often subtle, mild, and include the absence of perifascicular fiber atrophy, features of vasculopathy such as membrane attack complex deposition on capillaries as well as capillary rarefaction, and minimal inflammation in the perimysium (Figure 6) [30]. These findings appear at distinct foci within the muscle tissue, at times necessitating multiple biopsies to detect histopathology [31,32].




12. Prognosis


Patients with MDA-5 DM have increased mortality at six months as well as at five years in comparison to patients with MDA-5 Ab-negative DM [11]. A study by Liu et al. investigated the difference in mortality rate specifically between patients with anti-MDA-5 and anti-Jo-1 Ab who presented with IIM and ILD. The mortality rate in the anti-MDA-5 Ab group (1.95/person-year [PY]) was much higher than that in the anti-Jo-1 Ab group (0.094/PY). Most mortalities occurred within the first three months of diagnosis [33]. Age greater than 45 years old at diagnosis and biomarkers (described below) have been associated with increased mortality, particularly among male patients aged older than 54 years old [8,34].



Fortunately, emerging data suggest that for patients with MDA-5 DM ILD who survive the initial acute illness, long-term prognosis may improve regarding ILD progression and survival rates. A Japanese study by Ida et al. showed a mortality rate of 25.9% during the first phase of treatment (induction). Patients who survived induction achieved subsequent five-year survival and relapse-free rates of 96.8% and 77.4%, respectively, with 7.9% of patients sustaining drug-free remission [35]. Similarly, the survival rate among 52 patients from the US with MDA-5 DM was 90%, 18% of whom were in drug-free remission following a median follow-up period of 3.5 years [6].




13. Biomarkers


Indicators of disease activity play a crucial role in managing MDA-5 DM in light of its propensity for severe disease. Various biomarkers have been reported as helpful for monitoring disease activity and treatment effects.



	(a)

	
Ferritin: Serum ferritin is a marker of inflammation and macrophage activation. A high serum ferritin level (>1000 ng/mL) is closely associated with a high incidence of RP-ILD and mortality among people with MDA-5 DM [11,36,37].




	(b)

	
Anti-MDA-5 Ab: Studies have shown that serum levels of anti-MDA-5 Abs are significantly higher in people who develop RP-ILD than in those who do not [8]. A decrease in anti-MDA-5 Ab levels has been associated with longer remission in some studies [38]. Another Japanese study suggests that monitoring anti-MDA-5 Ab levels could be useful in predicting the risk of relapse during the remission maintenance phase [35]. However, two US studies found no correlation between MDA-5 Ab titers and the disease course [5,6]. More studies are necessary to determine the clinical relevance of this potential association.




	(c)

	
Krebs von den Lungen-6 (KL-6): Elevated serum KL-6 levels are produced by regenerating alveolar type II pneumocytes and are thought to be associated with impaired alveolar–capillary barriers. Reflecting the severity of ILD and its progression, they are associated with increased mortality in people with MDA-5 DM ILD [39]. This test is commercially available but not widely used in clinical practice.




	(d)

	
Type 1 interferon: Studies have shown that the absolute type 1 interferon score is directly proportional to ILD, muscle inflammation, and skin disease activity among people with MDA-5 DM [40].




	(e)

	
Peripheral lymphocyte counts: A decline in peripheral lymphocyte counts among individuals in MDA-5 DM ILD was associated with poor prognosis [41].




	(f)

	
Ro52 Ab: A study revealed an inverse correlation between the levels of Ro52 Abs and survival time, underscoring the potential prognostic importance of these antibodies [28].







The field of rheumatology is in its early stages of identifying prognostic markers for MDA-5 DM. Additional markers under current investigation include C-reactive protein (CRP), Surfactant protein D, Serum Neopterin, and IL-10 levels [2,39,42]. We look forward to the results of these studies and learning how to best apply prognostic markers to patient care.




14. Management


Medical evidence lacks studies, particularly randomized controlled trials (RCTs), focused on the management of MDA-5 DM ILD. The prevailing consensus is to combine immunosuppressive therapies early in the disease trajectory because of the risk of RP-ILD, which contributes to substantial morbidity and mortality within the first three months of diagnosis [3,43]. In a comprehensive review of 134 studies conducted by Bueno et al. in 2020, a specialized task force formulated recommendations regarding the management of MDA-5 DM RP-ILD [43].



14.1. “Hit it Hard”/Triple Therapy


Consensus recommendations propose the primary utilization of combined immunosuppressive therapy with high-dose glucocorticoids and calcineurin inhibitors (CNIs) with or without cyclophosphamide (CYC) over step-up therapy as the initial choice for treatment [43]. In a study by Matsushita et al., the combination of 1 mg/kg Prednisone, Tacrolimus dosed to a target trough of 5–10 ng/mL, and intravenous (IV) CYC over a mean of 6.8 months resulted in RP-ILD remission in 12 of 12 studied cases [38]. In a cohort of 29 patients studied by Tsuji et al., the same treatment regimen yielded significantly higher six-month survival rates compared to the step-up treatment group (89% versus 33%, p < 0.0001) [44]. Nakashima et al. employed a similar treatment approach using cyclosporine instead of tacrolimus, observing an astonishing survival rate of 75% among 14 patients with MDA-5 DM ILD. This stands in stark contrast to a group of 14 historical controls with anti-MDA-5 Ab who underwent conventional step-up therapy with a lower survival rate of 28.6% [45].



On the other hand, a recent study by Ida et al. suggests that triple therapy may not be needed for all MDA-5 DM cases and that disease severity could guide a more nuanced approach to induction. They classified patients as “non severe” if they had ILD (not RP-ILD) or a ferritin < 1000 ng/mL and found that six-month survival was similar with or without triple therapy induction [35]. Additional outcomes studies will help clinicians best tailor induction therapy to their patients’ MDA-5 DM manifestations. For the time being, our current practice is to initiate triple therapy in patients who have ILD or evidence of high inflammatory markers including ferritin.



Calcineurin inhibitors: Calcineurin inhibitors are a component of first-line triple therapy for MDA-5 DM RP-ILD. Go et al. studied 47 people with MDA-5-positive or MDA-5-negative DM ILD and demonstrated a survival advantage with early cyclosporine treatment. Even after adjusting for factors such as age, degree of dyspnea, and clinically amyopathic DM status, the survival benefit of early cyclosporine treatment remained statistically significant, with a hazard ratio of 0.057 (95% confidence interval 0.007–0.472). Furthermore, the early treatment group demonstrated stabilized ILD on HRCT [46].



Data support the use of either cyclosporine or tacrolimus for MDA-5 DM ILD and RP-ILD at doses of 3–5 mg/kg/day of cyclosporine (target trough 150–200 ng/mL) or 0.075 mg/kg/day of tacrolimus (target trough 5–10 ng/mL) [44,47]. Clinicians must consider safety profile and patient comorbidities when choosing between cyclosporine and tacrolimus [43]. For example, adverse events like gingival hyperplasia and hirsutism, as well as hyperlipidemia, are greater among people taking cyclosporine [48].



Glucocorticoids: The dose of steroids used in many studies is intravenous (IV) methylprednisolone pulse (1000 mg for 3 days) vs. 0.75–1 mg/kg of Prednisone for 4 weeks followed by a gradual taper every 2–4 weeks [2,3,38,45]. High-dose glucocorticoids are a common component of induction protocols in many inflammatory conditions.



Intravenous Cyclophosphamide: In the context of triple therapy, studies propose the administration of IV CYC in doses ranging from 300 to 1000 mg/m2 every 2–4 weeks, with a recommended total of one to six doses [45,47].




14.2. Other Therapies Described in the Literature


Rituximab: Rituximab (RTX) presents a treatment option for many with MDA-5 DM ILD. A retrospective case series of 11 people with MDA-5 DM, 8 of whom had RP-ILD, who were treated with RTX demonstrated a favorable response in 73% of the cohort. Furthermore, 18% of cases with mild ILD achieved complete remission, and 55% benefited from improvement in lung HRCT and/or PFTs. About one-fourth (27%) succumbed during the follow-up period, with two patients dying from worsening ILD and one from concomitant RP-ILD and lung infection [27]. In another study by Mao et al., RTX infusion showed pronounced and prolonged B-cell depletion associated with a significant decrease in MDA-5 Ab titers, which may be associated with a greater chance of ILD remission [27,42]. Doses of RTX administered in clinical studies include 375 mg/m2 at 0 and 14 days and 100 mg weekly for 4 weeks, providing evidence supporting a variety of dosing schedules that can be tailored to patients’ specific needs.



JAK inhibitors: Tofacitinib is beneficial as an adjunct to glucocorticoid therapy in cases of ILD (not RP-ILD) associated with anti-MDA-5 Ab positivity, particularly in the early stages. Tofacitinib has demonstrated efficacy, safety, and good tolerability, along with survival benefits. Survival six months after the onset of ILD was found to be significantly higher among people with MDA-5 DM ILD who received tofacitinib (18 of 18, 100%) compared to those in the control group who did not receive tofacitinib therapy (25 of 32, 78%) (p = 0.04). Additionally, studies show improvement in HRCT and PFT findings among people with MDA-5 DM ILD who take tofacitinib [49].



Plasma exchange: Plasma exchange (PE) can provide salvage therapy when people with MDA-5 DM RP-ILD fail to respond to the aforementioned conventional therapies. For example, Shirakashi et al. studied individuals with MDA-5 RP-ILD who experienced accelerated disease progression despite triple therapy. PE emerged as a crucial intervention, with a cumulative survival rate of 62.5% for PE recipients (N = 8), in stark contrast to a 0% survival rate for those without PE (N = 5). Patients who continued to survive at the six-month mark exhibited noteworthy reductions in KL-6, ferritin, and anti-MDA-5 Ab titers compared to baseline levels. Factors that predicted a benefit from PE included elevated serum ferritin levels, advanced age, severe pulmonary dysfunction, and higher HRCT scores [50]. Similarly, research by Abe et al. focused on individuals with RP-ILD resistant to standard immunosuppressive therapies such as oral prednisolone, IV methylprednisolone pulses, IV CYC, and CNIs. The one-year survival rate in the PE group (N = 6) (100%) was significantly higher than the non-PE group (N = 4) (25%) [51].



Intravenous Immunoglobulin: A study by Femia et al. investigated the clinical response of refractory cutaneous DM in patients with classic and amyopathic DM treated with intravenous immunoglobulin (IVIG). All patients showed improvement, with 8/13 achieving a complete clinical response. IVIG had a rapid effect on cutaneous erosions and ulcerations [52]. This favorable response to IVIG has also been supported in other case reports [53].



Antifibrotic therapy: In a prospective study by Li et al., 30 people with RP-ILD (both anti-MDA-5 Ab positive (84.6%) and negative DM) received the antifibrotic treatment pirfenidone (target dose of 1800 mg/d) alongside standard treatment, while 27 retrospective controls did not. The pirfenidone group showed a trend towards lower mortality (36.7% vs. 51.9%, p = 0.2226). Subgroup analysis revealed no impact on people with acute ILD (defined as duration of ILD less than three months) but significantly improved survival in subacute ILD (defined as duration of ILD three-to-six months) (90% vs. 44.4%, p = 0.0450), suggesting that pirfenidone may enhance prognosis for subacute ILD related to amyopathic DM (including subacute MDA-5 DM ILD) [54].



Others: Mycophenolate mofetil and polymyxin B hemoperfusion are treatment alternatives mentioned in the literature [26,43,55]. However, per consensus recommendations, methotrexate, leflunomide, infliximab, and azathioprine should not be used for induction therapy [43]. This slightly differs from the American College of Rheumatology’s guidelines for treating ILD in systemic autoimmune rheumatic diseases, with the latter providing a conditional recommendation for azathioprine as a first-line option for ILD treatment and reinforcing the advice to avoid methotrexate, leflunomide, and infliximab as first-line options [29]. Table 1 presents a summary of the details of dosages and common side effects.



Lung transplantation: Lung transplantation emerges as a promising treatment avenue for individuals in the advanced stages of MDA-5-DM RP-ILD, especially when initial immunosuppression fails. There is a speculative notion that DM ILD is triggered by factors like viral infections or smoking, causing a disruption in self-tolerance and prompting an autoimmune reaction. According to this view, if a patient undergoes lung transplantation, the removal of the source of autoantigens would lead to the vanishing of the anti-MDA-5 Abs and the prevention of a recurrence of ILD symptoms [56]. Bueno et al. and recent other studies recommend early referral for transplant eligibility assessment at the time of ILD diagnosis [43,57,58].



In a report of two cases of MDA-5 DM RP-ILD by Lian et al., one patient showcased successful rehabilitation, marked by a gradual reduction and subsequent negativity of the anti-MDA-5 Ab in the days following lung transplantation. Conversely, the second patient succumbed to respiratory failure, attributed to a flare of MDA-5 DM RP-ILD in the transplanted lungs. Diffuse ground-glass opacities appeared in the HRCT images of both the native and transplanted lungs alongside elevated anti-MDA-5 Ab titers in the early post-lung transplantation phase. These cases suggest that achieving a decline in, or complete clearance of, the anti-MDA-5 Ab may be necessary to prevent the recurrence of DM and RP-ILD in patients after transplantation [59]. Although not yet studied, the use of PE in the peri-transplant period might be an important adjunct therapy because it facilitates the clearance of anti-MDA-5 Abs.



Extracorporeal membrane oxygenation can transitionally support patients waiting for a clinical response to intensive immunosuppressive therapy or lung transplantation [57,59]. It is regarded as the ultimate therapeutic recourse for hypoxic respiratory failure when standard treatments prove ineffective, serving exclusively as an interim measure until a definitive resolution of the underlying cause of respiratory failure can be implemented [43].



Prognosis after lung transplantation is varied. Some studies report survival with a good prognosis of more than 12 years post lung transplantation [56]. However, complications including infections and DM flare with RP-ILD post-transplant have also been described [57,59]. The recurrence of disease post-transplantation and monitoring guidelines (imaging and Ab measurement) are intriguing topics that require larger studies, preferably RCTs with multi-center collaborations.





15. Summary of Treatment Guidelines


Figure 7 below is a flowchart that summarizes treatment guidelines.




16. Conclusions and Future Directions


Anti-melanoma differentiation-associated gene 5 DM is a subtype of IIM that presents with a wide range of manifestations, including RP-ILD, inflammatory arthritis, vasculopathy, and unique cutaneous findings. Early diagnosis and treatment are essential for patient outcomes because of MDA-5 DM’s association with RP-ILD and high mortality rates, particularly in the first six months of the disease.



Findings of characteristic skin manifestations and vasculopathy should alert clinicians to the possibility of RP-ILD. If ILD is found in this setting, early treatment should be prescribed even while awaiting serologies. RP-ILD can progress in weeks, and we recommend the frequent monitoring of clinical symptoms, ferritin levels, and chest imaging following diagnosis and treatment initiation. The prognoses associated with different phenotypic clusters of MDA-5 DM, as well as markers like ferritin and Ro52 Abs, may help with risk stratification and allow for a more tailored approach to monitoring and therapy.



Triple therapy, combining CNIs, glucocorticoids, and other immunosuppressants, benefits survival among people with MDA-5 DM RP-ILD and should be instituted as early as possible when this condition is suspected. Further studies are needed to understand whether patients with milder phenotypes can be treated safely with less aggressive regimens. Recent data suggest that a subset of patients may achieve drug-free remission over time.



Some people with MDA-5 DM RP-ILD progress despite aggressive immunosuppression, prompting the consideration of early referral for lung transplantation in the setting of RP-ILD. The management of patients in the post-transplant period remains challenging because of the paucity of data on long-term outcomes, relapse rates, and the best strategies for monitoring and treating relapse in patients who have undergone lung transplantation. For those awaiting transplantation, therapies such as immunomodulation and PE should be instituted in discussion with the transplant team.



Recent studies have significantly enhanced our understanding of disease manifestations and therapeutics in MDA-5 DM. Further studies are needed to better understand etiopathogenesis, especially the role of anti-MDA-5 Ab. Clinicians would most benefit from discovering biomarkers that can predict which patients are at risk of RP-ILD, thereby helping to direct the intensity of treatment. Further studies are also needed to consolidate treatment guidelines, especially in reference to the different phenotypes of MDA-5 DM.



MDA-5 DM remains a challenging disease to diagnose and manage, in part because of its varied manifestations. Therefore, an enhanced awareness of MDA-5 DM, increased multidisciplinary approaches to care, and the early application of evidence-based therapeutics could help improve patient outcomes.
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Abbreviations




	DM
	Dermatomyositis



	ILD
	Interstitial lung disease



	RP-ILD
	Rapidly progressive interstitial lung disease



	IIMs
	Idiopathic inflammatory myopathies



	MDA-5
	Anti-melanoma differentiation-associated gene 5



	Ab
	antibody



	RIG-1
	Retinoic acid-inducible gene-1



	IFIH1
	Interferon-induced helicase C domain-containing protein 1



	ds RNA
	double-stranded ribonucleic acid



	ELISA
	Enzyme-linked immunosorbent assay



	HRCT
	High resolution computed tomography



	CNI
	Calcineurin inhibitor



	JAK
	Janus kinase



	IVIG
	Intravenous immunoglobulin



	ECMO
	Extracorporeal membrane oxygenation



	RCT
	Randomized controlled trial



	PFT
	Pulmonary function test
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Figure 1. The proposed pathogenesis of MDA-5 DM. Infection with dsRNA viruses triggers an antiviral interferon response and the production of viral-MDA-5 complexes that turn on adaptive immunity. Among genetically susceptible people, the downstream type 1 interferon response and viral-MDA-5 complexes can activate T and B cells that aberrantly produce auto-Abs against MDA-5 and spur the generation of autoimmune MDA-5 DM. 
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Figure 2. Radiographic patterns of ILD associated with MDA-5 DM. (A) The organizing pneumonia (OP) pattern presents with peripheral areas of ground glass and consolidation. (B) The non-specific interstitial pneumonia (NSIP) contains varicoid traction bronchiectasis surrounded by ground-glass opacity (arrow) and peripheral reticulation (arrowhead). (C) The usual interstitial pneumonia pattern manifests with reticulation (arrowhead) and honeycombing (arrow). (D) MDA-5 DM RP-ILD most commonly presents with a combination of NSIP + OP patterns. 
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Figure 3. Classic features of dermatomyositis: (A,B) Gottron’s papules appear as violaceous papules on the skin overlying the joints on the dorsum of the hand. (C) Heliotrope rash manifests as plaques on the upper eyelids and may be associated with periorbital edema. These skin findings are a form of interface dermatitis and present with a violaceous hue in skin of color (A) while appearing more erythematous in fair skin tones (B,C). 
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Figure 4. Inverse Gottron’s sign: unique to MDA-5 DM, inverse Gottron’s sign presents as keratotic, palmar papules in the skin folds of the palms and fingers. 
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Figure 5. Cutaneous vasculopathy in MDA-5 DM: The vasculopathy of MDA-5 DM causes ulcerated Gottron’s papules (A) as well as digital (B) and mucocutaneous (C) necrosis. Additionally, image B depicts inverse Gottron’s papules on the palmar aspect of the third proximal interphalangeal joint. 
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Figure 6. Histopathology of MDA-5 DM: Histopathological analysis of muscle tissue staining for membrane histocompatibility complex (MHC) class I reveals a distinctive perifascicular immune myopathy. Notably, a heightened expression of MHC class I occurs exclusively along the periphery of the fascicle, accentuating the subtle and mild histopathologic characteristics observed in MDA-5 DM. 
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Figure 7. Summary of MDA-5 RP-ILD management. Following the diagnosis of MDA-5 RP-ILD, combination immunosuppressive therapy is recommended, along with early referral to a lung transplant center. The administration of high-dose glucocorticoids in conjunction with calcineurin antagonists (CNIs)+/− cyclophosphamide (CYC) is the recommended combination therapy, with rituximab and plasma exchange as alternatives. Extracorporeal membrane oxygenation (ECMO) is used as a bridge to lung transplant in severe cases. Maintenance with CNI/Mycophenolate mofetil (MMF) is advised. Janus kinase (JAK) inhibitors for early disease, intravenous immunoglobulin for skin disease, and pirfenidone for subacute MDA-5 DM ILD are recommended. 
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Table 1. A comprehensive overview of the dosages and common side effects for therapies used in MDA-5 DM ILD.
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	Medications
	Dose *
	Side Effects





	Calcineurin inhibitors
	Cyclosporine: 3–5 mg/kg/day (target trough 150–200 ng/mL)

Tacrolimus: 0.075 mg/kg/day (target trough 5–10 ng/mL) [44,47]
	Cyclosporine: Hyperglycemia, gingival hyperplasia, thrombotic microangiopathy, hepatotoxicity, hyperkalemia, hypertension, hirsutism, hyperlipidemia, nephrotoxicity

Tacrolimus: Similar to cyclosporine, reduced risk of gingival hyperplasia and hirsutism



	Glucocorticoids
	IV methylprednisolone pulse (1000 mg for 3 days) or 0.75–1 mg/kg Prednisone for 4 weeks followed by gradual taper every 2–4 weeks [2,3,38,45]
	May lead to increased risk of infections, osteoporosis, hyperglycemia, hypertension, mood changes, weight gain



	Cyclophosphamide
	300–1000 mg/m2 IV every 2–4 weeks, recommended total of one to six doses [45,47]
	Bone marrow suppression, infection risk, infertility, hemorrhagic cystitis



	Rituximab
	375 mg/m2 at 0 and 14 days or 100 mg weekly for 4 weeks [27,42]
	Infusion-related reactions, hypogammaglobulinemia and increased infection risk, reactivation of hepatitis B, progressive multifocal leukoencephalopathy



	JAK inhibitors
	Tofacitinib: 5 mg twice daily [49]
	Bone marrow suppression, increased cardiovascular risk, gastrointestinal perforation, increased risk of infections, liver enzyme abnormalities



	Plasma exchange
	1–3 times/week for 3–15 weeks (1–1.3 volumes of plasma removed per session and replaced with fresh frozen plasma) [50]
	Vascular access related-bleeding, infection, thrombosis, replacement-related complications: dyspnea, pruritus, urticaria, fever, tachycardia



	Intravenous immunoglobulin
	2 g/kg every 4 weeks, given as 1 g/kg/day for 2 consecutive days [52]
	Generally well tolerated but potential for headache, nausea, allergic reactions, elevated liver enzymes, chest pain, tachycardia, hypertension



	Antifibrotic Therapy
	Pirfenidone: target dose of 1800 mg/day (started at 200 mg tid and was increased to the target dose of 600 mg tid over a 2-week period [54]
	Nausea, fatigue, rash, diarrhea, elevated liver enzymes







* Trough levels (if applicable).
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